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The results of coronary artery bypass surgery after failed
elective coronary angioplasty in patients who have under-
gone prior coronary surgery are unknown . Coronary an.
gioplasty may he performed to relieve angina after surgery
either to the native coronary vessels or to grafts . Failure of
attempted coronary angioplasty may mandate repeat coro-
nary surgery, often in the setting of acute ischemia.
From 1980 to 1989, 1,263 patients with prior coronary
bypass surgery underwent angioplasty; of these patients, 46
(3
.6%) underwent reoperatimt for failed angioplasty during
the same hospital stay . Of the 46 patients who underwent
reoperation, 33 had and 13 did not have acute ischemia. In
the group with ischemia, 3 patients (9 .1%) died and 14
(42.4%) died or had a Q wave myocardial infarction in the
hospital compared with no deaths (p = NS) and no deaths
or Q wave myocardial infarction (p = 0 .005) in the group
without ischemia .
Patients with recurrent symptoms after coronary artery
bypass graft surgery present a serious challenge for the
cardiologist and cardiovascular surgeon . Repeal coronary
bypass surgery has a mortality rate higher than that of the
original coronary surgery (1-3). Coronary angioplasty may
not be suitable in all patients, especially those with diffuse
disease ; it may he effective, however, for patients with
angiographically suitable lesions . 1f coronary angioplasty
Plies, emergency reoperation may be necessary, although
t .3is is a potentially high risk procedure . This study was
u ldertaken to determine the in-hospital mortality and mor-
From the Divisions of Cardiology and Cardio-thoracic Surgery . Emory
C niversity School of Medicine, Atlanta, Georgia . This study was presented in
p.,6 at the 62nd Annual Scientific Sessions of the American Heart Aoeesia-
lion, New Orleans, Louisiana. November 1989.
Manuscript received March 19. 1990: revised manuscript received May
30, 1990, accepted June
11, 1990
.
,Address forreorilaa
:
Ellis L. Jones . MD . Emory University Hospital .
1364 Clifton Road NE, Atlanm. Georgia 30322.
01990 by the American College of Cardiology
At 3 years, the actuarial survival rate was 88 ± 6% in
the group with ischemia, whereas there were no deaths in
the group without ischemia (p = NS), and freedom from
death or myocardial infarction was SI ± 10% in the group
with ischemia, verses no events in the group without
ischemia (p = 0.006).
In most patients with prior coronary bypass surgery,
coronary angioplasty was performed without the need for
repeat coronary bypass surgery . Should coronary angio-
plasty fail, reoperation in patients without acute ischemia
can be performed with overall patient survival comparable
to the'
	
elective reoperative coronary bypass without
nary angioplasty . However, there is a high in-hospital
and long-term incidence of death or nonfatal infarction in
patients with acute ischemia undergoing urgent reoperation
after failed angioplasty .
(J Am Coll Cardiol 1990:1341-7)
1 34 1
bidity and intermediate clinical outcome in patients with a
history of coronary bypass surgery followed by failed elec-
tive coronary angioplasty necessitating urgent reoperative
coronary bypass surgery .
Methods
Study patients. From July 1980 to June 1989 . 1,263 pa-
tients underwent elective coronary angioplasty after previ-
ous coronary bypass surgery at the Emory University and
Crawford W. Long Hospitals. Of these 1,263 patients, 46
(3 .6%) had reoperative coronary bypass grafting performed
during the course of their hospital stay . This group forms the
basis of the study .
Definitions . Single vessel disease was present if there
was >5U% lumen diameter narrowing in a major epicardial
coronary artery . Mtelivessel disease was defined as the
presence of ?50% lumen diameter narrowing in more than
one epicardial vessel . Coronary bypass surgery with nryo-
0735-1997190103 .50
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cordial itchernia was defined as surgery on the day of the
failed coronary angioplasty or on a subsequent day in the
presence of any of the following markers of myocardial
ischemia : unrelenting chest pain, ischemic electrocardio-
graphic (ECG) changes (generally ST segment elevation or
depression) or hemodynamic instability (decrease in sys-
temic blood pressure . shock with evidence of decreased
perfusion or congestive heart failure) . Patients undergoing
reoperation on the same day for failed coronary angioplasty
were included in this group, as it is unusual in truly elective
cases to perform reoperation on the day of unsuccessful
angioplasty. Coronary bypass surgery without ischemia was
that performed on a subsequent day but during the same
hospital stay as the failed elective coronary angioplasty
without symptoms or signs of myocardial ischemia . The
number of bypass grafts was expressed as the number of
distal anastomotic sites .
Inatropic medication refers to its use in weaning the
patient from cardiopulmonary bypass in the operating room .
Length of hospital stay was defined as the time from the day
of coronary bypass surgery to the day of hospital discharge .
Aneurologic event was defined as the appearance of a new
transient or permanent neurologic deficit . A wound infection
was defined as an infection involving the sternal incision . A
postprocedural myocardial infarction
was defined by the
development of new Q waves (w40 ms in duration) on the
discharge ECG.
Data collection . Baseline demographic, clinical, angio-
graphic and procedural data, including complications, were
recorded prospectively by physicians on standardized forms
and entered into a computerized data base . The angiograms
before and after coronary angioplasty were measured with
digital electronic calipers (Sandhill Scientific) by experi-
enced angiographers other than the primary operator. The
narrowing of each coronary artery lesion was expressed as
the percent lumen diameter narrowing of the abnormal
segment compared with the normal adjacent arterial regions .
The diameter stenosis recorded was the mean value deter-
mined in two near orthogonal views .
Revascularization techniques. All coronary angioplasty
procedures were performed with a standard technique that
has been previously described
(4). All patients received oral
doses of 80 to 500 mg of aspirin and a calcium channel
blocking agent (10 mg of nifedipine three times daily or 30 to
60 mg of diltiazem four times daily) before the coronary
angioplasty procedure unless a history of an adverse or
hypersensitive reaction was present
. Before attempted bal-
loon dilation, 5 to 10 mg of diazepam, 0
.6 to 1 .0 mg of
atropine and 10,000 U of heparin were given intravenously .
Reoperative coronary bypass surgery after failed coro-
nary angioplasty
was performed when angioplasty failed to
achirve angiographic success (<50% diameter stenosis) at
one or more of the sites of attempted dilation and revascu-
iarization to relieve myocardial ischemia was deemed appro-
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priate or when acute closure of the dilated segment could not
be corrected and there was hemodynamic compromise or
ischemia of a significant area of myocardium, or both . The
cardiac anesthesia and surgical techniques used in patients
requiring emergency cardiac revascularization have been
previously reported (5-7) .
Patient follow-up. Follow:-up information was obtained
by telephone interviews with the patients or their referring
physicians. The trained interviewers were aware only of the
patient's failed coronary angioplasty procedure and subse-
quent coronary bypass surgery, but were otherwise unin-
formed of the procedural details or hospital course . Fol-
low-up information included the occurrence of myocardial
infarction after the initial failed coronary angioplasty and
death (cardiac or noncardiac) . Myocardial infarction (defi-
nite or probable) was based on a report from the patient on
telephone follow-up. All follow-up information was recorded
on standardized forms and entered into the computerized
data base. Follow-up was 100% complete for all available
clinical data, procedural details, including complications,
and follow-up end points .
Statistical analyses . Differences in categoric variables
were analyzed by chi-square or Fisher exact tests and
differences in continuous variables were analyzed by Stu-
dent's t tests
. Overall survival and event-free survival rates
were calculated by the Kaplan-Meier method (8) with prob-
ability expressed as the mean value s SE. Overall survival
and event-free survirai analyses were performed for the
entire study grasp and for patients with and without myo-
cardial ischemia before coronary bypass surgery
. Compari-
sons of total and event-free survival were made using the
method of Breslow (9) . All statistical analyses were per-
formed with BMDP statistical software .
Results
Patient characteristics (Table 1) . The coronary angio-
plasty experience began at Emory University Hospitals in
1980. During the period from July I, 1980 to June I, 1989,
elective Toronary angioplasty after precious coronary by-
pass surgery was performed on 1,263 patients . In 46 patients
(3.6%), the coronary angioplasty was unsuccessful and ne-
cessitated reoperative coronary bypass surgery during the
same hospital stay . Coronary bypass surgery was performed
on the day of the coronary angioplasty or in the setting of
myocardial ischemia, or both, in 33 patients and was per-
formed in 13 patients without myocardial ischemia . The 33
patients in the group with ischemia included 21 patients who
underwent surgery on the day of the coronary angioplasty
with evidence of acute ischemia, including precordial chest
pain and significant ST segment elevation or depression .
This group also included seven patients who developed
ischemia on a subsequent day, three patients in whom urgent
coronary surgery was considered to be required but who had
)ACC Vol . 16. No . 6
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Table 1 . Clinical and Angiographic Characteristics of the 46 Study Patients'
no objective evidence of ischemia and two patients with no
evidence of ischemia who underwent coronary bypass sur-
gery on the same day as coronary angioplasty .
Clinical and angiographic churacterstics of the 46 pa-
tients and the subgroups who had coronary bypass surgery
with and without isrhe.nia are displayed in Table 1 . The
patients were similar in age, gender and prevalence of
diabetes, hypertension. prior myocardial infarction and an-
gina class. No differences were noted in time from prior
coronary bypass surgery, severity of coronary artery dis-
ease, left ventricular ejection fraction or the type of coronary
angioplasty procedure performed . The incidence of
multi-
vessel disease was much higher in these patients than in
WEINTRAUB ET AL.
'The differe ehenveenvaluesinthetwosubriven reullnons,goi6cam .Valuesinparemhesesarepercents .
CARD = corona finery bypass graft surgery; class - New York Heart Association functional c6 ss ; M1 =
myocardial infarction,.
broader coronary angioplasty populations without prior cor-
onary bypass surgery. The data presented here do not reveal
much difference, prior to the procedure . between the pa-
tients who underwent reoperation for acute ischemia and
those who underwent elective reoperation . However, these
data may not reflect the details of the severity of the
coronary artery disease, either in the native vessels or in the
grafts.
Prccedurat characteristics of coronary angioplasty and
coronary bypass surgery (Table 2) . The number of coronary
sites dilated and the number of patients with native versus
graft diiations were similar in the two groups . The use of an
intraaottic balloon pump during the procedure was entirely
Table 2
. Procedural Characteristics of Coronary Angioplasty and Surgery in the 46 Study Patients
'p = 0 .98; all other differences betaeee values in the twe a491-pi
are ooosignifiaam . Values in parentheses
are percents
. IABP = intlaa0nic balloon pump ; IMA - internal mammar; artery .
1 34 3
Coronary Bypass Surgery
With ischemia
In = 331
Coronary Bypass Surgery
Without lschenua
(n = 13)
Total
(n = 46)
Coronary angioplasty
Multiple sites dilated
51Ii1) 1(7.'11 6113.1)
Type
All native vessels '.21666) 9(69.21 31 167.41
All gratta 11031 .3) 313 .1) 14(30.4)
Mixed native vessels and grafts 0 )01 i (7.7) 1 (2 .21
Coronary bypass surgery
IABP 13139 .31 1)(0)
131
2
1
Mean gmttslpalient
1
.8
0
1 .0
2
.1
0 1
.0
1 .9 ± 1 .0
Patients with >2 grafts
6(18. 2) 4 {30.81 15 (21 .7)
IMA 10130.31 6(46.2) 16134.8)
Inotropic medication 20 (60.61 503 .5) 25 )54
.3)
Coronary Bypass Sargera
With hchemia
to
- 331
Coronary Bypass Surgery
Without ischemia
In = 13)
Total
(n = 46)
Mean age '_ SD fyrl 4) c II)
58 15 59 < 11
Male gender '-71X1 .6) 12 )92 .1) 39184.81
Diabetes mellitus 103 .31 4131)X) 15132.61
Hypertension 1I?3 .31 7153 .11 !013411
Prior Mt 16 i .0 5; 7153.11 231500)
Clans 111 or IV angina
33 06971
9169?) 3'. 0.6)
Time since previous CABG
Years (.can '_ SDI Inn) 6 ` - 4 .1 4.6 0
5
.4 5 .7 0 4.4
<5 years (no .) 15145.11 8 )6451 8 150 01
Multivessel disease 28104.81 to 76.38182.6)38182 1
Ejection (action (mean
0
SD) EH - C 54 0 12 55 0 12
0(0%
c 20 171 91 9175 .01 32 0271
<50%
9108
.11 3115 .01
12 (27,3)
Not available
I 1
1344 WEINTRAUB ET AL .
	
IACC Val
. 1 6. No. 6
REOPERATI VE CORONARY SURGERY AFTER ANGIOPLASTY Nmember 15. 1990 :1341-7
Table 3. In-Hospital Complications in the 46 Study Patients
confined to the group undergoing coronary bypass surgery
with ongoing myocardial ischemia . The number of coronary
artery bypass grafts was similar in the two groups. Differ-
ences in the use of internal mammary grafts and inotropic
drugs did not reach statistical significance.
to-hospital mortality and morbidity (Table 3)
. The mean
length of hospital stay was significantly longer in the group
with ischemia, and a higher proportion of the ischemic group
was noted to stay >9 days. A nonfatal postprocedural Q
wave myocardial infarction occurred in 33 .3% of the patients
with ischemia but in none of those without ischemia (p =
0 .02). All of these patients with myocardial infarction had
undergone surgery with objective evidence of ischemia,
suggesting the infarction started during the period between
the coronary angioplasty and coronary bypass surgery . The
incidence of the combined end point of death or myocardial
infarction was higher in the group with ischemia . The only
other correlate of in-hospital myocardial infarction or death
from the clinical and coronary angioplasty procedural vari-
ables was the period of time from the preceding coronary
bypass surgery . In the group without death or other event,
the mean time since the previous surgery was 4 .8 ± 3 .9
versus 7.8 .4.8 years in the group with an event (p = 0 .06) .
Of 23 patients undergoing coronary angioplasty within 5
years of original coronary bypass surgery, 5 (21 .7%) had an
event
; of 23 patients undergoing angioplasty a5 years after
the original bypass surgery, 9 (39 .1%) had an event .
Among the 46 study patients, 3 (6 .5%p) died in the hospi-
tal ; all of these deaths were in the ischemic group . Only one
patient was referred to surgery after catheterization while
undergoing cardiopulmonary resuscitation, and this patient
died
. One of the deaths occurred in a 73 year old man who
underwent angioplasty of a left anterior descending coronary
artery graft 13 years after initial coronary
bypass surgery .
This patient had acute closure of the graft in the laboratory
and underwent emergent reoperative coronary bypass sur-
gery, but died of pump failure the next day .
Another death
was in a 51 year old man 12 years after coronary bypass
surgery after native vessel angioplasty of the right coronary
'p = 0.04; tp = 0.02: Op = 0 .005; all other differences between values in the two subgroups are nonsignificant .
Values in parentheses ore percents . Abbrevislinn as in Table I .
artery and a protected left main artery . This patient had
acute closure of the right coronary artery and underwent
emergent reoperative coronary bypass surgery, but he also
died of pump failure the next day . Both of these patients
had
extensive three vessel disease and severe graft stenosis but
preserved left ventricular function . The third death was in a
56 year old man with severely compromised left ventricular
function, an ejection fraction of 28% and severe mitral
regurgitation . He also had three vessel disease and severe
graft stenosis just 2 years after coronary bypass surgery .
After unsuccessful angioplasty of a circumflex artery graft,
he underwent coronary bypass surgery and mitral valve
replacement, but he died 3 weeks later of septicemia.
Follow-up results (Fig. 1 and 2, Tables 4 and 5).
The
survival rate at 3 years for the entire study group was 91 ±
4% . There were four deaths, three of which occurred in the
hospital. Nonfatal myocardial infarction during the fol-
low-up period occurred in one patient, and the rate of
freedom from death or nonfatal myocardial infarction was 65
± 8% (Fig. I, Table 4). Most events occurred in the hospital.
At 3 years, the survival rate for patients undergoing coro-
nary bypass surgery with ongoing myocardial ischemia was
88 ± 6%, and there was a 51 ± 10% rate of freedom
from
cardiac death or nonfatal myocardial infarction . There were
no in-hospital or intermediate-term events in the 13 patients
undergoing coronary bypass surgery without ischemia (p =
NS and p -- 0 .006 for death and for death or myocardial
infarction, respectively, compared with results in the group
with ischemia).
Discussion
This study examines the immediate and 3 year clinical
outcomes of 46 patients with prior coronary bypass surgery
who underwent unsuccessful elective coronary angioplasty
and required repeat coronary bypass surgery . During the
entire study period (1980 to 1989) the rate of failed coronary
angioplasty requiring reoperation was ' .6%, with 2 .6% of
patients undergoing coronary bypass surgery with myocar-
Coronary Bypass Surgery
With satan ic
In = 331
Coronary Bypass Surgery
Without
b oh emi a
(n = 13)
Total
In = 46)
Mean length ofhospital slay (days) 10 .4 T
7
.8 6.8--3 .7 9.4V7 .0•
>9 days 15(45.5) 1(7.7) 16 (34.80-
Neurologic event
2(6 .1)
fill
2(4.3)
Wound infection 1 (3 .0) 0(o) 1(2.2)
Nonfatal Q wave Ml 11 (33.3) 0(0) It 123.9)0
Death
3 (9 .1) 0(0) 3(6.5)
Death or Q wave MI
14 )42.4) 0(o) 14 (30.44
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Fig..
L Three year cumulative s•r-
viva[ in the 46 study patients who under-
went repeat coronary bypass surgery af-
ter failed elective coronary angioplasty .
The end points are survival (Death) and
survival free of myocardial infarction
(Death or MI).
0 .4-
03-
01-
0
dial ischemia and 1 .0% without myocardial ischemia . We
have recently summarized our experience and that of seven
other centers with patients referred to coronary bypass
surgery after failed angioplasty (10-17). These studies were
not restricted to patients with prior coronary bypass surgery
.
The 3.6% rate of failed coronary angioplasty necessitating
repeat coronary bypass surgery is comparable to the rates of
2.7% to 13.5% previously reported for all coronary angio-
plasty procedures (10-17). From 1977 to 1981, the National
Heart, Lung, and Blood Institute (NHLBI) Registry re-
ported a 5 .8% emergency and 20 .7% elective coronary
bypass surgery rate after coronary angioplasty
. In the
Figure 2 . Three year cumulative sur-
vival in the 33 patients who underwent
repeat coronary bypass surgery with on-
going myocardial ischemia after failed
elective coronary angioplasty
. The end
points are survival (Death) and survival
free of myocardial infarction (Death or
MI) .
as Is
	
zs
lay-
"new" NHLBI Registry, which enrolled patients during
1985 and 1986, these rates had decreased to 3 .4% and 2 .2%,
respectiaely (18) .
In-hospital experience. In the 'resent series of 46 pa-
tients, the in-hospital mortality rate was 6 .5% for the entire
group, with all the deaths occurring in the group with acute
ischemia after failed angioplasty . The in-hospital death rate
was higher than we have previously reported (10) for coro-
nary bypass surgery after failed coronary angioplasty in a
smaller group of patients with prior coronary bypass sur-
gery. Similarly, a 6,5% mortality rate is higher than that in
most but not all previously reported series (11-17) of patients
	
I
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Table 4 . Three Year C mutative Survival in the 46 Study Patients
Data coreenpond to Figure I . Abbreviation as in Table I .
undergoing coronary bypass surgery after failed coronary
angioplasty with or without prior bypass surgery (11-17) .
The mortality rate is also higher than that reported from
other centers (1-3) for patients undergoing repeat coronary
bypass surgery outside of the setting of failed coronary
angioplasty . The patients and situation described here, of
course, are not entirely comparable to those in previous
reports. Furthermore, data prcst:nted from this institution
(19,20) reveal a low overall death rate for patients with
coronary angioplasty after prior coronary bypass surgery .
Given that the majority of patients had acute ischemia and
that the time to reperfusion may be too long to prevent
myocardial necrosis, it is not surprising that there was a
substantial rate ofmyocardial infarction. The in-hospital rate
of death or nonfatal Q wave infarction was 42 .4% in the
group with ischemia
. This rate of infarction, as with the
mortality rate in this group, is higher than that reported in
the larger group of patients undergoing coronary bypass
surgery after failed coronary angioplasty (10-17) . The trend
to a higher event rate in patients with older grafts may reflect
more severe native vessel and graft stenoses than those in
the p,ticnts who underwent their original coronary bypass
surgery more recently.
Follow-up results
. The follow-up results presented in this
study can only be compared with reports of survival in
Data correspond to Figure 2 .
Abbreviation as in Table 1 .
patients undergoing coronary angioplasty, of whom few
would have had prior coronary bypass surgery, or in patients
undergoing repeat :oronary bypass surgery without prior
failed coronary angioplasty . Not surprisingly, the mean
overall 3 year survival rate of 91% is lower than in reports of
patients undergoing coronary angioplasty (21 .24) . However,
the 3 year mortality is comparable with that of repeat
coronary bypass surgery (1-3) . The 3 year actuarial rate of
death or infarction approached 50% in the group with
ischemia. This rate is higher than that reported by others
(1,3) and reflects the fact that these patients had acute
ischemia when referred for surgery . The incidence of events
decreased to a very low level after the immediate postoper-
ative phase .
Conclusions, Most patients undergoing coronary angio-
plasty after prior coronary bypass surgery do not require
reoperation
. When reoperation is required after failed angio-
plasty I) most patients survive ; 2) the incidence of myocar-
dial infarction is high in those with acute ischemia at
operation: and 3) patients who leave the hospital can look
forward to favorable event-free survival over the first several
years . Thus, these data permit assessment of the overall
risk, which may be modified depending on I) detailed
consideration of the severity and distribution of the coronary
anti native vessel disease, and 2) the expertise and experi-
Table 5
. Three Year Cumulative Survival in 33 Patients With Repeat Coronary Bypass Surgery
After Failed Elective Coronary Angioplasty and With Ongoing Myocardial ischemia
JACC Vat. 16, Nn. 6
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Time in Y-
0 0.5 1 1 .5 2 2.5 3
Death
No. remaining
32 29 26 22 18 16 12
Event.free survival rats 1
0 .91 0.88 0.88 0.88 0.88 0.88
Events (no.) 0 3 4 4 4 4 4
Death or MI
No. remaining 33
19 16 14 11 9 8
Event-free survival rate 1 0 .61 0 .57 0.57
0.57 0 .57 0.51
Events ( .a1 13 14
14 14 14 15
Time in Years
0 0.5 1 1 .5 2 2 .5 3
Death
No. remaining 46 42 37 33 27 25 20
Even4free survival rate I 0.93 0.91 0.91 0.91 0.91 0 .91
Event, Ino .)
0 3 4 4
4 4 4
Death or NO
No. remaining 46 32 27 25 20 18 17
Evcnt-freo surv,valrate 1 0.72 0.70 0.70 0.70 0.70 0 .65
. .vents (no .l 0 13 14 14 14 14 15
JACC Vol. 16. No. 6
November 15. 1990 :1741-7
ence of the coronary angioplasty operator, cardiac anestle .
siologist and cardinthoracic surgeon .
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